We fabricate arrays of diamond nanopillars containing single SiV -centers with high yield and spectral stability, and perform ultrafast, all-optical complete coherent control over the state of individual SiV -centers on picosecond timescales. We demonstrate Rabi oscillation, Ramsey interference, and full SU(2) control over the qubit state.
Introduction

SiV
-centers in diamond have recently arisen as a promising candidate for quantum information processing applications. Due to the inversion symmetry of the color center [1] , SiV -center offers excellent optical properties such as spectral stability [2] , strong emission into the zero phonon line [3] , and narrow inhomogeneous broadening [1] . In the meantime, the spin coherence time of SiV -has been measured to be ~40 ns, and both fast spin manipulation and techniques to extend the spin coherence time are under active investigation [4] [5] [6] . In this work, we demonstrate ultrafast, all-optical complete coherent control of site-controlled SiV -centers in diamond nanopillars, enabled by the spectral stability of the color centers despite the proximity to the nearby surfaces. Our demonstration paves the way for the creation of a scalable diamond platform for on-chip quantum information processing and scalable nanophotonics applications. Nominally, 100-nm-thick layer of diamond containing SiV -centers is grown homoepitaxially on a high purity type IIa diamond substrate via microwave plasma chemical vapor deposition (MPCVD), with silicon atoms from the growth chamber incorporated into the top grown layer through plasma diffusion. Following growth, arrays of diamond nanopillars with in-between crossbars are lithographically defined using electron beam (e-beam) lithography followed by oxygen reactive ion etching (RIE). Finally, the mask is removed, leaving bare diamond nanopillars. The resulting nanopillars are 135-170 nm in diameter and 200 nm height. Scanning electron microscope (SEM) images of a nanopillar array and a single nanopillar are shown in Fig. 1a and 1b, respectively. The height of the nanopillars is greater than the thickness of the epilayer containing SiV -, such that SiV -centers are confined in the nanostructures masked by the negative tone resist. This is confirmed by scanning confocal microscopy of the sample surface, as shown in Fig. 1d . The PL spectrum of the single SiV -in nanopillar under investigation is presented in Figure 1c in black, superposed with the PL from ensemble SiV -s in bulk diamond in red, which shows the low spectral shifting compared to those in low strain bulk diamond. Moreover, a statistical spectroscopic study of the PL was conducted on several arrays, yielding 37.5% pillars containing single SiV -centers. This presents a promising platform for site-controlled qubits based on SiV -centers in diamond. To manipulate the state of the SiV -center, we apply linearly polarized, spectrally filtered picosecond optical pulses that resonantly drives transition 4〉 2〉 (blue shaded area in Fig. 2a) , and quasi-resonantly detect transition 3〉→ 1〉 as denoted by the yellow shaded area in Fig. 2a . The pulse coherently rotates the state between the upper excited state 4〉 and upper ground state 2〉 which we define as our qubit. Rabi oscillation up to 3π is observed, as shown in Fig. 2b .
Materials and Methods
Results
In addition, to probe the coherence of the qubit states, Ramsey interference with two π/2 pulses and a variable interpulse delay τ is performed, as shown in the inset of Fig. 2c . Ramsey interference at a series of coarse delays (Fig. 2c ) allows for estimation of the dephasing time T 2 * . We obtain T 2 * = 240 ps by fitting the Ramsey interference contrast decay as shown in Fig. 2d . Finally, universal single qubit gate operation is demonstrated by driving the qubit with dual resonant pulses with both variable amplitude and variable delay, as shown in Fig. 2e .
